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CHAPTER 6
OPERATI ONS AND MAI NTENANCE
6-1. Introduction. This chapter addresses |AS construction, operations, and
mai nt enance i ssues. Operations and mai ntenance for an |AS systemfall into

two primary categories: renediation progress nonitoring and nechani cal system
mai nt enance.

6-2. Construction Oversight.

a. The construction of an air sparging systemconsists of wel
installation, piping and wiring installation, and placement of the
conpressor(s) or blower(s) and accessories. The construction of an air
sparging systemis conparable to the installation of a soil vapor extraction
system EP 415-1-261 (Volune 5, Chapter 6) contains specific information on
construction of soil vapor extraction systens that can be applied directly to
oversi ght of installation of various conmponents of air sparging systems. In
particul ar, the guidance contained in that chapter is applicable to piping
installation and above-ground equi prent installation

b. Refer to EP 415-1-261 (Volune 4, Chapter 2) for information
applicable to the installation of air sparging wells. Unlike Chapter 6 of the
same docunent, this chapter addresses the construction of extraction and
nmonitoring wells below the water table. Notably, well seal placenent is a
critical aspect of air sparging well construction and should be observed in
the field. Wthout a good well seal, there is a potential for air to “short
circuit” to the water table al ong the casing.

6- 3. O&M St r at eqy.

a. The primary considerations in preparing an operations and
mai nt enance pl an incl ude:

(1) achieving renedi ati on success as expeditiously as possible;

(2) preventing further environnental inpacts via waste streans or
cont ani nant nobi lization;

(3) maximizing the lifetine of the I AS mechanical system

(4) collecting sufficient data to support these considerations; and
(5) mMnimzing costs to achieve these considerations.

b. The designs of a mpjority of | AS systens are based on a limted

amount of site-specific information. Additionally, a range of system
operating behaviors typically occurs during the life span of a project.
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Therefore, it is inportant that flexible operational guidelines be
i ncorporated into site specific procedures devel oped to ensure optinmum | AS
syst em per f or mance.

c. Proper operation of an | AS system requires on-going nonitoring and
system adjustnents. |If the systemis not operated properly, the groundwater
plume may migrate off-site. Although air em ssions fromsone | AS/ SVE systens
can exceed those from SVE operating without IAS, in other cases | AS systens
may dilute vapor being collected by an SVE system This nmay occur because
whil e concentrations in the groundwater may be above standards, the
groundwat er may contain much | ess contani nant nass than the overlying vadose
zone. An evaluation should be perfornmed to estimate enissions, with the
system operator procuring necessary permits or installing enission controls as
required. An alternative that nay mininize the need for permtting and/or
controls is cycling the | AS operation, as will be discussed in paragraph 6-6b

6-4. O&M Cui dance - Bel ow Grade Conponents. Subsurface |AS conponents, as
previously di scussed, consist of injection/extraction wells, and data

acqui sition probes which may include nonitoring wells, various detectors, and
soil gas nonitoring points. M niml nmaintenance techni ques are avail able for
nost of these components, short of renmoval and reinstallation

a. Injection Wells.

(1) A consideration for I AS should be the potential for well screen and
aqui fer fouling via precipitation of metals (primarily iron) or microbial
grom h. Al though fouling does not appear to be a major problem its potential
is not clearly established, and in part is a function of the redox potenti al
of the injectant, aquifer alkalinity, and the type and abundance of organic
conpl exi ng conmpounds. The reader is referred to other USACE gui dance on
dealing with well fouling. Screen fouling has been addressed via physica
agitation, and chemical and thermal treatnments. M neral deposits on wel
screens can be renoved using | ow pH sol utions such as hydrochloric or sulfuric

acid. Iron bacteria can be renoved by introduci ng bacteriaci des (e.g.
chlorine dioxide), followed by | ow pH treatnent after the chlorine is renoved
fromthe well. Recomrended procedures for chlorine control of iron bacteria

are detailed in Driscoll (1986).

(2) High-tenperature pasteurization has al so been used to control iron
bacteria in groundwater. Consideration of the thermal linitations of wel
conpletion materials should be made if high-tenperature pasteurization is
enpl oyed. Special considerations nmust be used for applying these techni ques
to IAS, as the fluid and flow directions are opposite those of supply wells,
and fouling will occur on the substrate side of the screen, making foul ant
renoval difficult. Oxidants injected to renove fouling in the wells may cause
fouling in the aquifer. Additionally, contaninant nobilization and killing of
cont am nant degraders are concerns. |In sonme cases well replacement is the
nost effective approach to deal with well fouling. Placing screened intervals
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bel ow t he zone of contam nation may reduce biofouling. SVE wells typically
are not subject to screen fouling if they are properly constructed and
screened sufficiently above groundwater.

(3) Strategies for mnimzing the biofouling associated with the
concurrent injection of electron receptors (e.g., oxygen in air) and nutrients
(e.g., NO) have been reported by Taylor and Jaffe (1991). Although their
research focused on in-situ biodegradation, they report that sedi nents
characterized by a high porosity, poor sorting, and a small maxi mum pore
radi us are nost susceptible to biofouling. By alternatively pulsing the
el ectron donor and acceptor, the propensity for biofouling is reduced. 1In
addi tion, by increasing the oxygen concentration in the injection water,

i ncreasing the discharge rate, and delivering the oxygen through nultiple
injection wells, biorenediation efficiency was increased w thout causing
excessive biofouling (Taylor and Jaffe 1991).

b. Monitoring Wells and Piezonmeters. Mnitoring wells should be purged
prior to sanmpling, in accordance with standard groundwater sanpling nethods
(Pul's and Barcel ona 1996). Purging typically entails renoving groundwater
whi | e noni toring physical/chenical paraneters such as pH, tenperature,
conductivity and/or dissolved oxygen to indicate equilibration (equilibration
inmplies that the purged water is representative of the formati on groundwater).
Purging soil gas nmonitoring points is not as clearly defined in standard
operating procedures, but should be applied in a simlar fashion to the
principl es which gui de groundwater sanpling. Soil gas points are typically
purged using a di aphragm punp equi pped with a noi sture knockout vessel
Rotary vane punps require lubricating oil and are not recommended. Soil gas
can be anal yzed by connecting appropriate detectors directly to the point
tubing, or by collecting a soil gas sanple in a | ow gas perneability container
such as a Tedl ar® bag. Monitoring wells and piezoneters typically do not
requi re maintenance for the life of an | AS system operation, other than the
repl acement or repair of failed surface conponents such as connectors;
however, nmonitoring wells can silt up, as can I AS wells (especially under
pul sing), and therefore may require redevel opment. Guidance on soil gas
sampling is also provided in ASTM D5314- 92.

C. Det ect ors.

(1) Subsurface detectors such as in-situ oxygen detectors and pressure
transducers require no mai ntenance short of renmoval for repair or replacenent.
The operation of each type of unit is specific to the manufacturer's
specifications. Pressure transducers are often connected to surface
dat al oggers installed in weat hertight boxes for extensive or long-term
pressure profiling. Over the course of |long-term nonitoring, nmenbrane-fouling
i n oxygen detectors should be anticipated, which may require
cl eani ng/ repl acenent every few weeks.

(2) To ensure that vapors produced by | AS do not nigrate into nearby
bui | di ngs, basenents, nechanical pits, etc., installation and nonitoring of
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site specific contam nant sensors and/or observation of differential pressures
exterior to such structures versus within them may be advi sabl e.

d. Baseline Measurenents. The operator should collect baseline data
froma mnimmof tw (2) distinct time intervals to allow for proper
ef fectiveness evaluations. Prior to start-up of the | AS system the follow ng
basel i ne measurenments should be collected fromnonitoring | ocations at the
site:

(1) groundwater |evels;

(2) water quality measurenents (VOC concentrations, dissolved oxygen
tenmperature, conductivity, pH and biononitoring paraneters, if desired, such
as ammoni a nitrogen (NH,), nitrate nitrogen (NG) and carbon di oxi de (CQO);

(3) soil gas VOCs, O, and CO, concentrations;

(4) subsurface pressures (with the SVE systemoff, if applicable), to
assess the magnitude of baronetric fluctuations;

(5) existing SVE system operational paraneters including flow rates and
vacuum di stribution (if applicable); and

(6) SVE system di scharge VOC concentrations (if applicable).

6-5. Operation and Mii ntenance Gui dance - Precomm Ssioning and Start-up

a. GCeneral

(1) A start-up workplan should be devel oped prior to system
preconmi ssioning and start-up. The workplan should include objectives of the
| AS system and the strategy, procedures and nonitoring requirements for start-
up and continued operation. The start-up workplan should be a flexible
docunent that will allow for unexpected changes in the field.

(2) If chem cal adhesives were used during construction, the VOCs
shoul d be purged fromthe system by opening | AS wel | heads and val ves and
injecting air into the manifold lines with a conpressor, and discharging the
vapors into a treatnent systemif necessary. Air purging should last a
m ni mum of 10 minutes and run until results froman OVA or simlar device
i ndicates that all VOCs have been purged. This will allow VOCs to discharge
into the atmosphere rather than the groundwater when the system begins
operation.

(3) The system operator should run the SVE system (if present) unti
contam nation | evel s have decreased and stabilized. Operating the SVE system
before starting up the I AS system has two purposes: 1) to establish a capture
zone; and 2) to acconmpdate the el evated VOC concentrations that often
acconpany initiation of SVE prior to capture of the additional |AS-generated
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VOCs, the conbination of which may otherwi se be initially in excess of off-gas
treatment capacity. |AS operations should then begin. This will maxinze
efficiency between the SVE and | AS systens.

b. Start-up Procedure. Table 6-1 provides a checklist for operators
prior to beginning start-up services. Table 6-2 outlines procedures for |AS
system start-up after conpletion of manifold air purging. If any wel
requires nore air pressure than the designed operating pressure, or if the
delivery pressure of the air supply source is inadequate, systemrepairs or
redesign may be required. Manifold |ines can be tested either hydrostatically
or with air to evaluate potential |eakage.

6-6. | AS System Operation, Miintenance and Mnitoring.

a. GCeneral

(1) Increases in air injection flowrates will increase the rate of
renedi ati on at nost sites up to a point of dimnishing returns. Therefore, it
may not be cost-effective to operate the | AS system at the maxi mum flow rate,
because the presence of diffusion Iimtations will affect the efficiency of an
| AS system As previously discussed, the five main factors linmiting the rate
of air injection are soil matrix considerations, |IAS mechanical supply source
[imtations, SVE equipnment limtations, biological (in-situ biorenediation)
[imtations and preferential air mgration. Based on linitations present at
specific sites, two separate operational approaches can be used and are
referred to as "continuous" and "pul sed". Whichever operating strategy is
sel ected, on-going systemnonitoring is required to ensure efficient
operations. The follow ng sections present checklists for | AS system
noni toring. Likew se, the system operator should refer to EM 1110-1-4001 for
a simlar checklist for the SVE system if used. These checklists should be
conpl eted at appropriate tinme intervals but at |east weekly.

(2) Groundwater nonitoring during |AS operation provides data necessary
to assess the performance of the system A typical |AS systemis nonitored
for sone or all of the follow ng performance paraneters:

(a) dissolved oxygen (neasured via | owflow punping and a fl owthrough
cell or a downhol e probe);

(b) air saturation in the treatnment area (nmeasured via neutron access
probes, ERT or TDR);

(c) soil gas chemical paraneters (i.e., VOCs or tracer gas);



EM 1110-1-4005
15 Sep 97

PESY M Oue 18 PeIACI (0RUCO MO B

flom yove je pejmisul spod ejdwes JAS

liom SY| yoee je pejjeisu| s1od 56998 JejEMPUNOID

usd nodey

Uo pejeao] puw peheains suoneao) Bulojuow pue jjem JAS

¢ uejd oy

uo pejeoo| v:r pedAeans suoneoo] Bunojuow pue jjem Sy|

(seqozd seb jlos pue
‘s1010woze|d ‘sjlem Buuojuow Je8MpunciB ‘sejoysioq |43
‘seqn) 86090w uonneu “6'e) peysyqe;se suojedo| Buyoyuoyy

pedojeaep/peurepefiind sjiem gy

(witesu ‘fees ‘1naib ‘youd seyy ‘yidep ejeweip ‘ez ‘YBue
ueolos “6e) uoneoyreds 1ed pejeisu) seyouelysiiem JAS

(sesu ‘jaes ‘Inob ‘yoed ey ‘Ydep Jejewerp ‘ezis ‘\oue|
ueelos ““6'e) uogeoyweds Jed pe|jeisu| seyouen/siem gy|

Scoiiwn, :

T g
L) eyedweg |

yofrey - |

peysiiqeise sosuejoRIey [edjWeYd pue feorsAud §os

I1sIpioay) bujuojssjwwiosald peysebbng

-9 378Vl




EM 1110-1-4005

15 Sep 97

suogesyjjosds Jed peyeiews pue pepinaid Jemojq IAS
suogeoljioeds sed pejpeisul pue pepnord Jossesduwioo gy

ejejdurod suojepunoj JAS
ejejdwoo suonepunoj sy}

{1emojq Bupnpuy) umoys opeweyds Juewdinbe eseyns JAS

(10ss01duios pue syuw
e.nsseld Buipnjou;) umoys speweyos Juswidinbe eowyins sV

HAIDAWSjURYOO N JAS/BYI

pepircid aewelyos Juewdinbe yng-se eseunsqng

peise} ensseid/peueejo/peysny; Suidig

pejieisu edw) jweyuone|nsu) Buidg

{918 “ipdep ‘uopwsc) ‘edf muejews ‘ezis “Be)
suoyjBajj100ds Jed pejesu) sdwnd o} Buydid puncibrepun 3AS

(-a1e ‘ypdep ‘uoeso) ‘edf Euerew ‘ezis B'e)
suojeoyseds sed pejjuisu; sdwnd o) Buydid punaiBiepun g

(sOOA ‘43
‘uebAxo peajossip "'6°e) pejoejioo vyep Buuojuow eujjosug

A pBoY jjom yove 18 pepinaid josu0o Moje JAS

I1sIPP8Y) Bujuojss|wwiodald paysebbng

(pauo)) 1-9 31GaVL

6-17



EM 1110-1-4005
15 Sep 97

(mopuiotiooe pue mwoouid se) peppaid noke; Burdd gy

sejejnopied pue 10 10} pese)yy e Y]

Pepiroid sojesedes sepemue JAe

16M0|q JAS 188 10puB 610j6q PeyEISU| SI00UNG

Jossesdwios S| Jeye Jo/pue es0jeq pejeisu) SIGIUSS

Ppoyues Aubsyuj 1ees pue 16mojq FAS

peyuea Aubeyui [ses pue Josseiduios gy

Peiseypejjajsu) suojjoeuuos ediduemolq AS

peisey/pejrejsu) suonoeuuoo edid/ossesduiod gy

suopeoyy16ds o) jeAejuewubye Suydnod JAS

suopedyioeds o} jerejauewiubiie Guydnos gy

peieisu siedurep voguiqis IAS

Pelieisu; sieduwrep uonelqia gy

e2w)d uj pejnoub (shemolq IAS

eoed u; peinoiB (s)iosseidwos gy

Jomoq
Jo ureensumop pue weensdn pejesus suod eidwes JAS

1SIPo9Yy9 Bujuoissjwwooald paisabbng

(p.uo)) 1-9 31GVL

6-8



EM 1110-1-4005

15 Sep 97

feuotiouny wxoo:o.:_m.mm suue|e/jonued

efiues u; sBuipees pue ‘pejse} ‘peleiqied sebney

lemojquos
-se1dwod Jo weeljsumop pue (A1esseoey Ji) weelisdn
Buydid pejejsu| sebneb moy pue einsseid ‘esmeledwe )

peyuea uogeiedo puv pejjeisuy
(seAeA 390y pue ‘uopnip ‘peelq 18 Buipnioul) seAeA

sjuswInjsu) BulolUOw 0} PEeUUod JeMod

pejjonuod Bujeq sjun jo IyBis Ul 5196UL0IBK]

peyueA uoyelos dwnd

Jeuoiounj OYAH/BUNYBY emsojou

pexoeydpejjeisul Buipunocib weisis

(pepeeu )i} jeuonounj wejsis Jejoosieyy

(pepeseu i) jeuoneiedo [en} Lielixny

(pepesu Jy) puoyoun) pue pejfejsul jusuness} sebo JAS

1S|poey) Bujuoissjwwosald paysabbng

(

p

o)) |

9 3719Vl

6-9



EM 1110-1-4005

15 Sep 97

TABLE 6-2

IAS System Start-up Procedures’

Turn on the air source, regulate from a lower pressure to the necessary pressure to
attain the design air flow rate for the chosen well group or entire system (as ap-
propriate). DO NOT EXCEED THE MAXIMUM RECOMMENDED AIR PRESSURE.
Measure SVE system emissions, if applicable, with appropriate field instruments to
verify permit limits are not exceeded.

Balance the flow to each well (through adjustment of appropriate valves) as each well
may behave differently. If solenoid valves are not used, the operator should use
pressure gauges and flow meters to measure and balance air flows. S

Develop a flow vs. pressure (F/P) curve for each well. The generated F/P curve (which
is dependent on water table position) allows determination of well flow rate based upon
wellhead pressure measurements. This approach reduces the effort required during
routine site measurements.

Verify the air compressor and manifold line pressure and total injection flow rate,
following the balancing of the wells. Although the agreement between sum of in-
dividual well flows and total flow measurement will be approximate, any significant
deficiencies will be apparent at this time. A quick check to determine an agreement
between total air compressor flow and the cumulative flow as measured at each of the
wells is advised.

Sample the SVE system inlet, if present, and exhaust streams with an OVM or other
appropriate field instrument and analyze over the entire start-up period.

Check for bubbling in monitoring wells and piezometers at the site. If bubbling is
observed, operators should install air-tight caps on these wells. If these wells are
uncapped, fugitive VOC emissions can result. Wells screened across the water table
(if present) may act as conduits for air flow. Packing off the entire screened interval
may reduce, but will not eliminate such bypassing, as air may still travel through the
filter pack. Decommissioning such wells may be necessary. '

Record periodic groundwater table measurements to document the site-specific impacts
on the groundwater mounding/mixing.

Measure total pressure and flow measurements after the system stabilizes and
measure the pressure or vacuum at gas probes and water table wells to evaluate the
site for subsurface air pressure/vacuum.
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TABLE 6-2 (Cont'd)

IAS System Start-up Procedures

IF ANY POSITIVE SUBSURFACE AIR PRESSURE READINGS AND/OR HIGH
LEVELS OF VAPOR PHASE CONTAMINANTS ARE MEASURED IN VADOSE ZONE
MONITORING POINTS ADJACENT TO BUILDINGS OR OTHER STRUCTURES THAT
MAY ACCUMULATE POTENTIALLY HAZARDOUS VAPORS, SYSTEM OPERATORS
SHOULD IMMEDIATELY RE-EVALUATE THE OPERATIONAL PARAMETERS OF
THE SPARGING SYSTEM. DISCONTINUE OPERATION OF THE AIR SPARGING
SYSTEM IF CONDITIONS ARE DEEMED UNSAFE.

10

Repeat the previous steps for each of the IAS well groups, as appropriate.
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(d) vacuumdistribution in the unsaturated zone (if an SVE systemis in
operation);

(e) groundwater elevations in nonitoring wells;
(f) pressure distribution in the saturated zone;
(g) dissolved contam nants of concern; and

(h) non-specific groundwater chem stry paraneters (e.g, redox
potential, BOD, and COD).

b. System Qperating Strategies.

(1) Wen operating | AS systenms, two prevalent limtations for system
ef fectiveness can occur: (a) kinetics of mass transfer at the air/water
interface, or (b) the rate of mass transfer of the contaminant fromthe water
phase to the air/water interface. Marley and Bruell (1995) are anobng those
who state that although continuous operation nay be adequate under nost
ci rcunst ances, pul sed operation can be used to assist with agitation and
m xi ng of the water as air channels form and col |l apse during each cycle.
VWi | e sone argue that pul sed operation shoul d be considered the default
strategy, others are |less enthusiastic and suggest that while pulsed injection
may increase the air/water contact, the overall effects on groundwater niXxing
may be nmodest (Johnson 1994).

(2) Pulsed operation includes cycling equi pnent operation at specified
intervals. A properly timed pul sed operation could deliver enhanced

performance. |f an I AS interception systemis being used, pul sed operation
shoul d al | ow groundwat er to approach, during shutdown periods, its natura
rate and direction and bring nore contaninated water into the AS ZzO. The

correct operating method should be evaluated on a site-by-site basis.

(3) There has been considerabl e debate over the issue of whether to
cycle remedi ation systens to optim ze the recovery of hydrocarbons in the
saturated and unsaturated zones. |In groundwater punp-and-treat systens,
cycling was believed by its advocates to be nore effective than continuous
punpi ng for renmoving hydrocarbons and mininizing the "tailing" effect so
conmonly reported during the operation of these systems (Arnstrong et al
1994). A simlar approach was suggested for the operation of SVE systens.
However, studies suggest that |low flow, continuous bl ower operation appears to
be a nore efficient means of renoving hydrocarbons fromthe subsurface (Bahr
1989). The increased renmoval efficiency is related to the fact that mass
transfer is enhanced, because under continuous extraction the maxi num
concentration gradient is maintained.

(4) Pulsed injection involves a different rational e and approach. Sone
i nvestigators have cycled sparge systens by varying the injection pressures or
by sinply turning the systemon and off, known as pulsing (Marley et al
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1992a; Johnson et al. 1993). The conceptual nodel suggests that air channels
will formin pathways with the |argest pore dianeters (Ahlfeld et al. 1994).
As long as the pore geonetry remains the same fromone pul se cycle to the
next, air pathways should remain constant (assum ng that secondary fractures
do not devel op due to overpressurization). MKay and Aconb (1996) found that
air distribution profiles nmeasured with a neutron probe were repeatable with
each cycle of operation. Even if the presence of residual air saturation
following a cycle initially blocks the displacement of water during the next
cycle, airflow evidently becones reconsolidated within the sane preferred
channel s each time, at least insofar as where the airflow channels term nate
at the ground surface (Leeson et al. 1995). Pulsed operation internmittently
reproduces the expansion phase (Fig. 4-5A, B) during which air-filled
saturation val ues appear to be maxim zed over the |argest subsurface vol une
(McKay and Aconb 1996). Therefore pul sed operati on nay produce a sonewhat

| arger ZA than continuous operation

(5) It appears (paragraph 2-7a) that pulsing pronptes: 1) groundwater
mxing in the vicinity of air channel |ocations, and 2) mass transfer of air
into the water phase. G oundwater mixing is established as air channels form
and col | apse during a given cycle. This process reduces the degree to which
di ffusion governs mass transfer, resulting in an increase in mass transfer of
hydrocarbons fromwater to the air phase (Wsconsin DNR 1993). Figure 6-1
provi des an exanpl e of enhanced mass renoval resulting from pul sed sparging
(Clayton et al. 1995). The transient moundi ng peri od has been proposed as a
desi gn paraneter for the frequency of pulsing. Balancing of flows to
i ndividual 1AS wells, if determined to be critical to the I AS system can
ei ther be autoregul ated or frequently nonitored, with val ves adjusted as
necessary. Cycling fromone sparge well to another using the same conpressor
is expected to provide a cost savings because of smaller gas conpressor
requi rements and reduced energy costs (Marley et al. 1994). Pulsing can also
be an econom c and desirabl e approach for use during biospargi ng applications.

(6) 1t should be noted that at |ocations that are well suited to | AS
(i.e., lack of confining layers) pulsing is not expected to cause groundwater
to mgrate in new directions. Consideration nust still be given to what, if
anyt hi ng, can cause contam nant mgration and how to avoid it.

c. Biological Mnitoring. The progress of a biosparging remediation
can be assessed through a variety of means, including biological nonitoring.
M crobial counts, for exanple, are likely to rise as renedi ati on proceeds
(Table 3-4), because IAS may stinmulate the growth of microbes. To nonitor
m crobial activity, heterotrophs as well as specific degraders are often
enunerated. Beyond a point, there may be little benefit in attenpting to
i ncrease bi omass because increased biomass may retard flow through the
subsurface. The popul ation density of the specific degraders is often limted
by factors such as mass transfer of electron acceptors (e.g., oxygen),
el ectron donors (e.g., hydrocarbon), and nutrients (e.g., nitrogen and
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phosphorus). Rates of desorption and dissol ution of hydrocarbons may al so
[imt microbial activity. Biological nmonitoring nmay contribute to
understanding the limting factor(s) and aid in deciding whether to pursue
actions such as nutrient addition.

d. System Operating and Mnitoring Procedures. A properly operated and
nonitored systemis required to achieve project objectives. The follow ng
sections provide details to assist an operator with the proper operation of an
| AS system The first few nonths of system operation are critical to ensure
t hat accidental spreading of VOCs does not occur and to neasure system
per f or mance.

(1) Equipnent. As shown on Tables 6-3a, 6-3b, and 6-3c, specific
nmeasurenments nust be made to devel op an understandi ng of system operations,
trends and effectiveness. These tables have been separated into system
measur enents, general inspection, and system mai ntenance. Al equi prent nust
be operated in accordance wi th manufacturer's reconmendati ons. Pressure
readi ngs can be nmeasured with manoneters, diaphragm pressure gauges, or
pressure transducers. Responsible individuals should discuss any devi ations
noted during O&M operations and tenporarily shut-down systems as warranted.
Bl ower anperage should be nonitored to determ ne the | oads placed on the
equi pment. Excessive anperage could result in danage to the equi pment due to
over heat i ng.

(2) Mnitoring Frequency. The frequency of nonitoring of an
| AS/ Bi ospargi ng systemis specific to the site and renedi ati on strategy.
Bef ore i nplementing an | AS/ Bi ospargi ng system it is inmportant for the design
teamto establish data quality objectives that are appropriate for nonitoring
the progress of the systemrelative to site specific target cleanup |evels.
Once the systemis installed, baseline data may be coll ected and subsequently
future data needs are identified. A Sanpling and Analysis Plan and Quality
Assurance Project Plan should be prepared that establishes both nonitoring
nmet hods and frequency as described in EM 200-1- 3.

(3) System Operating Mdifications. As previously stated, initia
operations and nonitoring are critical. 1t is inportant to detect, quantify
and correct problenms (as necessary) which may have arisen initially. After
data col l ection, detail ed enphasis nust be placed on interpretation of results
and appropriate actions taken for systemoptinization. Mnthly conparisons of
results versus project goals nust be obtained and tracked.

(4) Recordkeeping. A fornmal data managenent systemis reconmended.
Information collected, as outlined herein, nmust be tracked. Collected
informati on nmust reference date, tinme and location for all data, with
appropriate coments noted.
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TABLE 6-3a

Example IAS System Operational Checklist
Mechanical System Measurements

Compressor/BlowerDischarge Pressure 8 psi
Compressor/Blower 100 cfm
Discharge Flow @ Pressure Above
Sparge Blower Discharge Temp. 240° F
Bearing Oil Temperature 200° F
Bearing Oil Pressure 20 psi

Interval Operating Hours — —

Motor Amps 8

Qil Level —

Aftercooler Inlet Pressure 7 psi
Aftercooler Inlet Temperature 180°F

Aftercooler Outlet Pressure 6 psi
Aftercooler Outlet Temperature 120°F

Ambient Air Temperature — -
(outside/inside shed)

1AS-1' Wellhead Pressure 5.5 psi
IAS-1' Wellhead Air Flow 6 cfm
IAS-2' Wellhead Pressure 7.4 psi

1AS-2' Wellhead Air Flow

* Values shown for example only, column to be filled in according to actual typical measurements
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TABLE 6-3b

Example IAS System Checklist

General Inspections
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Shed/trailer lock

locked

Mechanical Equipment

all IAS blowers operating

Equipment Housing no rattling
System By-pass Valve closed
System Flow Valves 0.5 open

Electrical Controls

* Situations shown for example only, column to be filled in according to operational plans
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TABLE 6-3c

Example IAS System Checklist
Equipment Maintenance

Qil Change biannually
Oil Filter Change quarterly
Air Filter Change monthly or diff.
pressure > 15"
water
Activated Carbon Drums quarterly or diff.
pressure > 5 psi
Moisture Separator Tank quarterly
Blower Lubrication every 1000 hrs.

* Schedules shown for example only, minimum maintenance must be set according to equipment specifications.
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(5) Operator Training. Formal operator training is needed to
adequately prepare site operators to safely and effectively operate and
mai ntain | AS systens. Training should include both hands-on and cl assroom
traini ng.

(6) Troubleshooting. There are several mechanical conmponents for an
| AS system which are subject to operating problens. These include filters,
punps, valves, control systens and nmechanical units. Table 6-4 has been
devel oped to use as a guide for operating strategy and to eval uate potentia
solutions. This table assunes the use of an SVE systemin conjunction with
the I AS system

(7) As-built and O&M Pl ans. As-built and O&M pl ans shoul d be devel oped
upon system conpletion to use for long termnonitoring and effectiveness
eval uations. An as-built plan should include the following at a m ni mum

(a) boring |ogs;

(b) well construction diagrans;

(c) locations of |IAS wells;

(d) piping, manifold, valve, instrunentation, equipnent and sanpling
| ocati ons;

(e) process schematic as actually configured with all manual /automatic
controls explained (including controller |ogic)

(f) contam nant source and extent locations, if applicable; and

(g) site information including scale, north arrow, |egend, title block
and groundwater flow direction.

The system O&M manual will constitute a very inportant document for the
project. It nust be witten in an understandable format and contain a
description of all activities (including specific checklists) to be perforned
along with detailed contingency plans and training requirements. Table 6-51is
a general outline of topics to be covered in an | AS O&M manual .
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TABLE 64
IAS System Operation
Strategy and Troubleshooting Guide
Probloms _ | Considerations _Potential Solutions

The zone of influence is insufficient
or not as predicted.

The soil may be less permeable in

some locations or there may be
preferential flow.

Further subsurface investigation.
Readjust flows.

Additional wells.

Higher IAS well density.

Check wells for clogging.

Check for short circuiting.

Groundwater levels are spatially
inconsistent.

There may be preferential flow or
heterogeneities.

Further subsurface investigation.
Additional wells.
Seal preferential pathways.

Increasingly high injection
pressures.

Potential well fouling.

Clean wells.
Purge manifold lines.

The VOC concentrations have been
reduced in some but not all wells.

Treatment may be completed in some

areas of the site.

Reduce flows to some wells.
Take some wells off-line.

Check for ongoing sources of con-
tamination. Check for rebound.

The VOC concentrations remain
consistently high despite high mass
removal rates.

Undiscovered groundwater con-
tamination of free-phase product or
DNAPL.

Further investigation.
Product recovery. Shift approach.

Low concentrations of VOCs are
extracted during operation, but high

is shut off.

Diffusion limitations, flow short-
circuiting due to preferential flow,

concentrations reappear when system airflow rates higher than necessary.

Pulse sparging.
Hot gas injection.

Excavation of "hot spots" and ex-situ
soil treatment.

A decline in concentration levels has
made thermal/catalytic oxidation
economically infeasible.

"Tailing" of the concentration versus
time curve is a common occurrence.

Evaluate uncontrolled air emission.
Activated carbon.
Biofilters.

Use other technologies to speed up
removal.

Possibly reduce airflow rates.

Poor SVE performance following larg
rain events.

e The system is sensitive to the effects
of soil moisture on air permeability
and aeration.

Cap site. Dual recovery.

Shut off system following major rain
events.

Unexpectedly high vapor con-
centrations at or near explosive
levels.

Free-phase product; accumulation of
methane or other VOCs.

Dilute SVE intake air.
Alter system to be explosion-proof.

Check for unknown sources of
contamination.
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Table 6-5 Typical IASO&M Manual

I nt roducti on

A. Purpose/ Backgr ound
B. C eanup Goal s
C. Discharge Lints
D. Description of Facilities
E. Project Organization
Description of System
Conponent s
A. Well Configuration and
Construction Det ai
B. System Pi ping and
| nstrunent ati on
C. Air Sparging
Conpr essor/ Bl ower
D. Ancillary Equi prent
E. Controls
System Operati on
A. Start-up
B. Routine Operating Procedures
C. Troubl eshooti ng

Syst em Mai nt enance

A
B

Weekly | nspections

Rout i ne Mai nt enance
Procedur es

Consumabl es and Spare Parts
I nventory

V. Sanpl i ng, Analysis and
Reporting Docunentation
A. Sanpling and Anal ysis
Schedul e
B. Reporting
C. Quality Assurance
VI. Record Keeping, Data Managenent
and Reporting
A. Record Keeping and Data
Managemnent
B. Alterations to Renediation
System
C. Revisions to the O&M Pl an
D. QA QC Revisions
VIlI. Contingency Plan
A. Mechani cal Contingencies
B. System Mdifications
C. Criteria for Triggering
Corrective Action
VI, Per sonnel Trai ni ng
Appendi x A - Health and Safety Pl an
Appendi x B - Standard Operating
Procedures
e Air Sanpling
e \Water Sanpling
e \ter Level Measurement
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